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Capture-mark-recapture (CMR) studies are important in the collection of data on individual development, 
site fidelity, movement patterns, and abundance of 
individuals (Sanchez-Camara & Booth, 2004; Krebs, 
1989). As most CMR studies rely on distinguishing one 
individual from another, unique marks or patterns are 
key to an effective study. The marks must meet several 
fundamental criteria: the mark cannot be easily lost; it 
must not affect the survival of the individual; it must 
not affect the likelihood of recapture; and it must be 
recordable (Otis et al., 1978). Because of their small size 
and lack of limbs, juvenile snakes have been difficult to 
mark (Winne et al., 2006).  As a result, the natural history 
and movement ecology of juvenile snakes remains poorly 
understood and represents a major knowledge gap in 
herpetology (Ferner & Plummer, 2016).  
 There are many different methods by which a mark 
can be applied to snakes (Haines & Modde, 1996; Powell 
& Proulx, 2003), but most have drawbacks undermining 
their utility. Externally mounted tags can be shed or 
knocked off when the snake is active and may hinder 
the snake in its movement. Ventral scale clipping marks 
are less obtrusive to the animal, but can sometimes be 
confused due to new scars on the ventral side of the 
snake, and substantial regrowth of clipped tissue. The 
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Marking individuals is a key component of many ecological 
studies, but with some animals, such as juvenile snakes, 
it has proven problematic because of size constraints. 
This impedes our understanding of their habits in the 
wild. We marked juvenile Aesculapian snakes (Zamenis 
longissimus) in North Wales with visible implant elastomer 
(VIE), and recaptured them the following season. Our 
results demonstrate that the use of VIE is an effective 
marking method for small snakes, negating the need for 
tissue removal when marking. We suggest it represents a 
promising development in the ecological study of snakes, 
and is especially useful in species that undergo ontogenetic 
pattern changes.
Keywords: Capture-mark-recapture, ecology, tagging, 
fluorescent, ontogenetic change
same is true for marks made with cauterising units. 
Passive integrated transponders (PIT) tags are the most 
reliable, albeit most expensive, method of identifying 
individual snakes.  However, due to their size, PIT tags 
are unsuitable for use in smaller snakes.  
 Body colour and pattern can be used to identify 
individual snakes in some cases. However, both are 
susceptible to change in many species, where the 
pattern is altered or altogether lost as the individual ages 
(Creer, 2005; Sacchi et al., 2016; Lunghi et al., 2019). 
Head scalation can also be useful, but while changes 
in scalation are not common, ontogenic changes have 
been suggested in Vipera ursinii (Tomović et al., 2008), 
and changes due to injury have been seen in V. berus 
(Bauwens, Claus, & Mergeay, 2018). 
 In this study we present a method for marking wild-
caught, juvenile snakes, by application of visible implant 
elastomer (VIE). VIE is an inert, biocompatible polymer. 
The elastomer is injected as a liquid which cures into 
a pliable solid under the skin of the individual. The 
marks fluoresce under UV-B light and are externally 
visible. Whilst VIE has been criticised as unreliable in 
frogs (Brannelly, Chatfield, & Richards-Zawacki, 2013), 
it has been used successfully in many different reptile 
and amphibian species including turtles (Anderson et 
al., 2015), lizards (Schmidt & Schwarzkopf, 2010), and 
frogs (Bainbridge et al., 2015; Sapsford et al., 2014). VIE 
has also been used in small salamanders, including the 
eastern red-backed salamander (Plethodon cinereus) 
(Heemeyer, Homyack, & Haas, 2007), the northern two-
lined salamander (Eurycea bislineata) (Bailey, 2004), and 
Webster’s salamander (Plethodon websteri) (Mann & 
Mann, 2017). Northern two-lined salamanders are small 
and slender, presenting similar difficulties to juvenile 
snakes. With regard to snakes, Hutchens et al. (2008) 
successfully implanted 18 corn snakes (Pantherophis 
guttutas), and showed the marks lasted over a year 
under lab conditions. In salamanders, the marks have 
been shown to last up to five years (Lunghi & Bruni, 
2018). However, there are no published studies that 
look at VIE as a viable method of marking free-living 
snakes. Here, we demonstrate the use of VIE as a simple, 
effective method for marking small wild snakes for use in 
CMR studies.
 This study took place as part of a CMR study of 
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 Of the 14 marks applied to recaptured snakes, 13 
remained intact at their initial application site. In one 
instance, however, the mark stretched dorsolaterally, 
both anterior and posterior of the mark site, for a total of 
30 scales, approximately 15 each way. This did not overlap 
with other marks, as they were 20 scales apart. The mark 
was thickest at the original application site and became 
thinner as the elastomer travelled. We believe this to be 
a result of overapplication of the elastomer leading to 
dispersion prior to setting, or possibly, but less likely, poor 
mixing of elastomer and curing agent.  Importantly, the 
mark had stretched, and not migrated elsewhere on the 
body. While the mark was still decipherable, minimising 
the amount of elastomer applied should avoid such 
complications.
 The economics of VIE are comparable with those 
of PIT tags. A 6 ml VIE kit costs £250 and will mark 
approximately 80 snakes with two marks (£3.12 per 
snake), with refill packs costing less than £100 (£1.25 per 
introduced Aesculapian snakes (Zamenis longissimus) in 
Colwyn Bay, North Wales. Juveniles of this species sport 
a black and yellow chequered chin and ventral pattern 
which is unique to the individual, but, as that individual 
grows, these markings are completely lost, and the 
snake becomes olive-green to brown along its flanks 
and dorsum and yellow on the ventral scales. Without 
a reliable marking method for juvenile snakes it is 
therefore difficult to recognise an adult snake previously 
encountered as a juvenile.  A mark scheme was generated 
using the software Salamarker (The Williams Lab, Purdue 
University; MacNeil, Dharmarajan, & Williams, 2011). 
Twelve marking locations and two colours were selected, 
with each individual snake receiving marks in two of 12 
locations producing 264 unique mark combinations (Fig. 
1). A Visible Implant Elastomer Manual Injections Kit 
(Northwest Marine Technology, Inc) was used to mark 
the animals. 
 We marked wild juvenile snakes (snakes that weighed 
under 40g, and likely under three years old) (N = 43) with 
two elastomer marks each from 21 April 2018 to 17 
October 2018, using either fluorescent red or fluorescent 
yellow VIE, or one of each. We selected these colours to 
contrast with the dark base colour of the snakes. We 
used two mark sites per snake because we decided 264 
combinations was enough for our purposes, as we did 
not anticipate capturing more than 264 juvenile snakes. 
The injection was made using a 29-gauge needle in the 
interstitial skin. A fold of loose skin was made by gently 
pinching the skin together dorsolaterally, creating a 
pocket for the needle to enter. The needle was directed 
anteriorly, and approximately 0.02 ml were injected at 
each location, in a small ‘stripe’ three scales in length (Fig. 
1). After application the marks were checked for external 
visibility under UV-B light. Marking took approximately 
four minutes per snake, including the counting of scales 
to determine mark site. The snakes were then released 
at their exact site of capture. 
 All snakes caught in the following season (April – 
October 2019) were checked for VIE marks. Snakes were 
also compared to a photographic record of head and chin 
images to test whether any snakes had shed their marks, 
and if that movement of marks affected our ability to 
ID individuals. Seven individuals with elastomer marks 
were recaptured in 2019. The snakes were successfully 
identified using the position of the VIE marks along the 
body in accordance with the mark scheme. The snakes’ 
identities were confirmed using photos of the individuals’ 
unique chin pattern and head scalation. Snakes were 
recaptured an average of 377±36 days after their initial 
capture (range 306 – 434 days). Red marks could easily 
be seen in daylight, allowing quick identification of 
recaptures, but yellow marks were sometimes missed. 
Both red and yellow marks were easily recognisable 
using a UV-B light, under which the marks fluoresce (Fig. 
1).  In the 2019 season all unmarked juvenile snakes 
(N=27) were new to the study and there was no evidence 
of mark loss in any of the previously marked snakes. 
This was confirmed by comparison of photos of head 
scalation. All recaptured snakes grew between captures. 
See Table 1 for individual snake metrics.
Figure 1. Examples of visible implant elastomer used in 
wild Aesculapian snakes (Zamenis longissimus). Photos 
were taken during brief measuring, snakes were not held in 
captivity; A) the approximate locations of the mark zones, 
with 12 possible locations in the elastomer mark scheme; B) 
the red mark shown under UV-B light 381 days after initial 
insertion (ZALO049); C) close up of yellow mark under UV-B 
390 days after insertion (ZALO042).
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snake). For PIT tags, the cost will be around £130 for the 
tag reader, with the PIT tags costing around £130 for 50 
snakes (£2.60/snake). VIE would be more costly when 
marking larger snakes, as larger amounts would have to 
be used to effectively mark individual snakes, so the use 
of PIT tags would be more economical in larger snakes.
 In conclusion, our study has presented the first 
evidence of the long-term reliability of VIE tags in wild, 
juvenile snakes.  This marking method will aid in addressing 
major knowledge gaps in the ecology of small, slender, 
and juvenile snakes, which were previously difficult or 
impossible to mark. Using VIE, these snakes can now 
be marked reliably, greatly enhancing the possibilities 
for future ecological studies. As our maximum time 
between captures was 434 days, the maximum time 
VIE marks can last in snakes is still unknown. We believe 
the evidence presented justifies the use of VIE in wild 
snakes, especially those too small for PIT tags, and those 
which undergo dramatic ontogenetic change in size and/
or colour pattern. Further work with both marked and 
unmarked snakes will better clarify any possible effects 
on snake fitness and survival. 
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